Background and Aim: Patients requiring hemodialysis show high morbidity with hepatitis C virus (HCV) infection, but there are difficulties associated with interferonbased therapies. Asunaprevir and daclatasvir could help patients with HCV genotype 1b because the drugs have a nonrenal metabolism and show good viral eradication. We evaluated the efficacy and safety of combined asunaprevir and daclatasvir therapy.
Introduction
Hepatitis C virus (HCV) infection in patients undergoing chronic hemodialysis poses some difficulties. The HCV infection rate in dialysis patients is high, with the reported rate ranging between 1.9% and 90%, although it does vary according to geographic location and socioeconomic factors. 1 HCV-positive patients show poorer survival than HCV-negative patients receiving dialysis because hepatocellular carcinoma (HCC) and cirrhosis are more frequent among HCV-positive patients. 2 The presence of chronic hepatitis and/or the need for antiviral treatment can sometimes be missed in hemodialysis patients with HCV infection because the serum liver transaminase levels in dialysis patients is lower than that in patients with normal renal function. 3, 4 Despite low serum liver transaminase levels, severe fibrosis or cirrhosis was observed in 5-32% of hemodialysis patients with HCV infection on histological examination of the liver before renal transplantation. 5 Administration of sufficient antiviral treatment is often difficult in dialysis patients because standard and pegylated interferon (IFN) α is recommended at a reduced dose to prevent increasing the blood IFN level. Ribavirin is also contraindicated in dialysis patients. 6 For these reasons, a suggestion was made that those hemodialysis patients who require antiviral therapy should be considered for IFN-free and ribavirin-free regimens, if possible, to eradicate HCV. 6, 7 Treatment for patients infected with HCV has developed greatly in recent years. Although IFN-based therapies have been used for a long time as the mainstream treatment for HCV, the antiviral effects and safety of treatments have dramatically improved after the emergence of IFN-free combinations using direct-acting antivirals (DAA). Asunaprevir (ASV) is an NS3 protease inhibitor with antiviral activity against genotypes 1 and 4. Daclatasvir (DCV) is a selective NS5A replication complex inhibitor with broad genotypic antiviral activity. 9, 10 Combination therapy with ASV and DCV had a sustained virological response (SVR) of 87.4% at 24 weeks after treatment in IFN-ineligible/-intolerant patients and 80.5% in nonresponder patients in a phase 3 trial for chronic HCV genotype 1b infection. 11 Because ASV and DCV are metabolized by the liver and excreted in the feces, this combination therapy could be used in hemodialysis patients with HCV genotype 1b. However, when we planned the clinical study, the antiviral activities and safety in hemodialysis patients were unknown. We conducted this prospective study to evaluate the efficacy and safety of ASV and DCV combination therapy in patients with HCV genotype 1b who had a renal failure requiring chronic hemodialysis.
Methods
Ethical considerations. This study was approved by the institutional review board or ethics committee of each participating institution. This study is registered with the University Hospital Medical Information Network Clinical Trial Registry, No. UMIN000015882. All patients provided written informed consent.
Patients. Eligible patients were 20 years old or older, with chronic hepatitis or compensated cirrhosis with HCV genotype 1b infection, and who had end-stage renal disease requiring chronic hemodialysis. Patients were required to have alanine aminotransferase (ALT) and aspartate aminotransferase levels of no more than five times the upper limit of the normal range, a white blood cell count >1500/μL, a neutrophil count >750/μL, a platelet count >50 000/μL, and a total bilirubin level < 2.0 mg/dL at the time of screening. Patients with a FIB-4 index of >3.25 and/or an aspartate aminotransferase to platelet ratio index (APRI) >1.0 were considered to have advanced liver fibrosis. 12, 13 There was no limit on history of HCV treatment. Patients were considered ineligible if they had a malignant disease, including viable HCC or decompensated cirrhosis.
Study design and assessments. This study was conducted by the Saga Study Group of Liver Diseases (SASLD), which comprises specialists in hepatology in Saga Prefecture, Japan. In this multicenter, open-label, phase 2 study, all the patients received ASV and DCV for 24 weeks. ASV was administered orally at a dose of 100 mg twice daily, and DCV was administered orally at a dose of 60 mg once daily.
The primary efficacy end-point was the proportion of patients achieving SVR12, defined as HCV RNA undetectable at 12 weeks after completion of ASV and DCV treatment. Patients who discontinued treatment early were also included. The secondary end-points included the proportion of patients with undetectable HCV RNA at the end of treatment (end-of-treatment response). Biochemical and hematological effects and adverse events were also assessed.
The serum HCV RNA level was measured using the COBAS ® TaqMan ® test (Roche Molecular Diagnostics, Pleasanton, CA), which has a lower limit of quantification of 15 IU/mL.
HCV RNA was tested at baseline, week 2 of treatment, every 4 weeks during treatment, end of treatment, and week 12 after completion of treatment. Pre-existing NS5A resistance-associated variants were tested using direct sequencing.
Statistical analyses.
We assumed an expected SVR12 of 0.85 and a threshold SVR12 of 0.60, which were determined in previous studies. 11, 14 The planned sample size was 20 patients in a one-sided test with 90% power and an α error of 0.1.
All analyses were performed on the intention-to-treat population, which was defined as patients who received at least one dose of the protocol treatment (ASV and DCV). The primary end-point was also tested in the per-protocol population, which was defined as patients who achieved the protocol treatment for 24 weeks. The 95% confidence intervals (CI) were based on two-sided binomial tests. Categorical data were summarized using counts and percent. Continuous data were summarized with univariate statistics. Mann-Whitney U tests and Friedman's tests were used to test for changes in biochemical and hematological values. All statistical analyses were performed using R ver. 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Patients. Between December 2014 and December 2015, 23 dialysis patients were enrolled from seven sites of the APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GT, γ-glutamyl transpeptidase; HCC, hepatocellular carcinoma; HCV, hepatitis C virus.
SASLD. All enrolled patients started combined ASV and DCV, and 22 patients completed the protocol therapy. Patient characteristics at baseline are shown in Table 1 . Median age was 65 years, and the majority were male (78%). Five patients were considered to have advanced liver fibrosis, and two patients had an NS5A resistance-associated variant at baseline. Three patients had previously received treatment for HCC; however, they maintained complete remission at baseline in this study. Two patients with a treatment history of IFN had been treated with pegylated IFNα 2a for 48 weeks.
Virological response. The lower limit of quantification for serum HCV RNA was 47.8% at week 2 of treatment, and all patients achieved rapid virological response at week 4 ( Fig. 1) . Rates for the rapid virological response and early virological response were 100%; however, because a patient was withdrawn at week 11 due to infective endocarditis and cerebral infarction, the rate for the end-of-treatment response was 95.7% (95% CI: 78.1-99.9). The rate for SVR12 as the primary end-point was 91.3% (95% CI: 72.0-98.9) as one patient, who did not have NS5A resistance-associated variant before the protocol treatment, relapsed 4 weeks after completion of treatment. In the perprotocol population, the rate for SVR12 was 95.5% (95% CI: 77.2-99.9). SVR12 was confirmed in all five patients who were considered to have advanced liver fibrosis, all two patients who had a history of IFN therapy, and all two patients with a preexisting NS5A resistance-associated variant.
Biochemical and hematological response. Serum ALT levels were significantly decreased after initiation of treatment (P < 0.01), although levels in hemodialysis patients were relatively low at baseline (Fig. 2a) . The median ALT level changed from 15 U/L at baseline to 8 U/L at the end of treatment. Serum γ-glutamyl transpeptidase (γ-GT) levels also decreased gradually (P < 0.01). The median γ-GT level changed from 28 U/L at baseline to 16 U/L at the end of treatment (Fig. 2b) . Bilirubin, hemoglobin, and platelet levels did not show any significant changes. Serum albumin and alpha fetoprotein (AFP) levels were measured at baseline and at the end of treatment, and AFP tended to decrease over time (Fig. 2c) . The median AFP level changed from 3.0 ng/mL at baseline to 2.1 ng/mL at the end of treatment; however, there was no statistically significant difference (P = 0.37). Serum albumin levels did not show a significant change. Although the FIB-4 index and APRI did not significantly improve over the study period, median APRI tended to decrease from baseline (0.39) to week 24 (0.29) (P = 0.08) (Fig. 2d) .
Safety. Serum ALT levels slightly increased in three patients between weeks 6 and 14. Two of these patients, with ALT levels of 35 and 42 U/mL at week 6, respectively, continued the protocol treatment with concurrent ursodeoxycholic acid and showed improvement approximately 1 month later. The other patients, with ALT levels of 100 U/L at week 14, continued the protocol treatment after the rate of a dose reduction of ASV to a dose intensity of ASV was 81%. All the three patients achieved SVR12. Mild fatigue and pruritus were observed in one patient each but did not affect the protocol treatment.
A male patient had repeated hypotension during hemodialysis after initiation of ASV and DCV. This patient did complete the study treatment following careful consideration and cooperation with the dialysis physician. The phenomenon was resolved after the protocol treatment.
A hemorrhagic duodenal ulcer occurred in one patient, who underwent endoscopic hemostasis and blood transfusion. This patient continued the protocol treatment with temporary interruption and achieved SVR12.
A female patient died of infective endocarditis and cerebral infarction during the protocol treatment. She was admitted with a fever at 9 weeks after initiating ASV and DCV and was diagnosed with bacteremia caused by Staphyrococcus epidermidis. Although antibiotics had been administered under continuing ASV and DCV therapy because of fairly general conditions, she had a cerebral infarction 1 week after admission. This was considered to be caused by infective endocarditis. ASV and DCV treatment was stopped. She subsequently developed myocardial ischemia and could not continue hemodialysis. She died 2 weeks after admission. Following careful review, the institutional review board and we did not consider her death related to the study drugs, and the trial was allowed to continue.
Discussion
This study examining combined ASV and DCV therapy in patients with chronic HCV genotype 1b infection and requiring hemodialysis showed promising antiviral effects and met the primary outcome measure. Before the DAA, standard and pegylated IFNα monotherapy were the main treatment strategies for hemodialysis patients with chronic HCV infection. Standard IFNα should be administered at a reduced dose of 3 million units three Figure 1 The rates of serum hepatitis C virus (HCV) RNA undetectable from 2 weeks after initiation to 12 weeks after completion with combined asunaprevir and daclatasvir treatment. Rapid virological response and early virological response rates were 100%, and the rate of sustained virological response (SVR) 12 was 91.3% in the intentionto-treat population.
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times a week, and pegylated IFNα 2a or 2b should be administered at a reduced dose of 135 μg and 1 μg/kg once a week, respectively. 1 These therapies do not exhibit a satisfactory antiviral effect, with the pooled SVR24 of standard and pegylated IFNα monotherapy reported to be approximately 40% in some meta-analyses. [15] [16] [17] Suda et al. and Toyoda et al. reported that ASV and DCV in patients receiving hemodialysis showed a rate for SVR12 of 95.5% and 100%, respectively. 18, 19 Considering these results together with our own findings in the current study, combined ASV and DCV therapy could be a potential standard treatment for patients requiring hemodialysis who have chronic HCV genotype 1b infection. Grazoprevir plus elbasvir for 12 weeks was also effective in patients with HCV genotype 1 and stage 4-5 chronic kidney disease. 20 The window of opportunity for hemodialysis patients with HCV has been extended.
Although ASV and DCV is feasible in patients with endstage renal disease, 18, 19 hemodialysis itself does carry lifethreatening risks. In the current study, one patient had a hemorrhagic duodenal ulcer, and another patient died from infective endocarditis and cerebral infarction during the treatment study period.
In hemodialysis patients with end-stage renal disease, bacteremia is relatively common (one episode per 100 patient-care months) because of frequent intravascular access through arteriovenous shunts. 21 Additionally, infective endocarditis is significantly more common in these patients and has a higher mortality than in the general population, with previous studies suggesting an incidence of 17-60 times. 22 The addition of a protease inhibitor to IFN and ribavirin might increase the risk of infection due to neutrophil dysfunction induced by protease inhibitors. 23 It remains unknown whether the SVR with combined ASV and DCV can prevent the development of HCC and improve survival in dialysis patients. A study has reported that the risk of HCC after SVR with DAA was comparable with that of IFN-based therapies in patients who did not need hemodialysis. 24 To determine this question, our group is carrying out a prospective cohort study of hepatocarcinogenesis in patients after SVR with DAAs, including dialysis patients (UMIN000016982).
In conclusion, combined ASV and DCV therapy could be an optimal choice for patients with chronic hepatitis from HCV and who are receiving hemodialysis. Although this treatment shows good safety, hemodialysis itself carries risk factors that can result in lethal events. Particular care should be taken when considering the treatment of these patients, and consultations with dialysis physicians are vital.
